I ntercellular adhesion plays a central role in normal metazoan development and homeostasis (1, 2) . Cadherincatenin-mediated adhesion structures are composed of multiple core proteins that may have not only common but also distinct functions. In this issue of PNAS, two studies from the Fuchs laboratory (3, 4) provide interesting novel insights into differential roles of cadherin-catenin proteins in balancing the structural integrity and physiological homeostasis of mammalian epidermis. Tinkle et al. (4) used novel transgenic shRNA strategy to address the functional significance of the two most prominent epidermal cadherins (Eand P-cadherins). This study provided a first look at epidermis lacking classical cadherins and uncovered a critical role of these proteins in the maintenance of epithelial integrity and cell survival. The study by Perez-Moreno et al. (3) revealed interesting connections between p120-catenin and regulation of cytokinesis and skin cancer. Together with previously published data, these new findings enable a direct comparison of various loss-of-function phenotypes to discern the common and unique, adhesion-dependent and adhesion-independent, roles of cadherin and catenin proteins in normal epithelial tissue homeostasis and cancer.
The cadherin-catenin complexes, constituting the main building block of the adherens junctions (AJs), have long been known to play a pivotal role in balancing barrier and tissue renewal functions of all epithelial tissues. AJs are assembled by direct binding between extracellular domains of cadherins (5) . The cytoplasmic domain of cadherins interacts with p120 and ␤-catenins. Whereas p120-catenin plays an important role in the delivery and retention of cadherins at the AJs, ␤-catenin provides a connection to ␣-catenin, which is required for the actindependent clustering of cadherin-catenin complexes to form the AJs. In the past decade, the in vivo roles of AJ molecules, E-cadherin, P-cadherin, and ␣-␤-, and p120-catenins, were explored by using conditional gene knockout strategies (1) . These studies demonstrated that cadherin-catenin complexes are not only the structural elements stabilizing adhesive contacts but also important signaling centers that may function as biosensors of the external cellular microenvironment (1). ␤-Catenin, for example, apart from being a crucial component of the AJs, is also a key element of the Wnt signaling pathway, which plays a pivotal role in the control of normal development and cancer (6) . Deletion of ␤-catenin in skin epidermis results in the failure of hair follicle stem cell differentiation (7), whereas overexpression of stabilized ␤-catenin causes de novo hair follicle morphogenesis and hair follicle tumors (8) . Similarly, epidermis-specific ablation of other catenins affects several key signal transduction pathways. Deletion of ␣-and p120-catenins leads to hyperactivation of MAPK and NFB signaling and hyperplasia (9) (10) (11) . Moreover, when ␣-catenin Ϫ/Ϫ keratinocytes are grafted on the skins of nude mice, these cells form invasive tissue replete with inflammation that resembles squamous cell carcinoma (SCC) (9) . Because catenins are required for the formation of the AJs, the remarkable phenotypes in catenin mutant tissues raise an important question: are these phenotypes due to the defects in AJs, or they are AJs independent? One way to address this question is to analyze the significance of cadherins, which should be necessary for the formation of the AJs. However, deletion of E-cadherin in skin epidermis did not result in significant impairment of AJs, potentially due to compensation by P-cadherin (12) (13) (14) . It remained unknown whether E-and P-cadherins play a redundant role in skin epidermis. Do cadherins and catenins function in parallel with each other to suppress proliferative and inflammatory responses? How relevant is the AJ-mediated adhesion system to tumor suppressor mechanisms and how these mechanisms cross-talk with the epidermal microenvironment? Some of these important questions have now been addressed by two novel studies from the Fuchs' laboratory (3, 4) . These new data provide evidence that even though cadherin-catenin complexes function coordinately to maintain keratinocytes adhesion; they do differ in their ability to influence inflammatory and proliferative responses (Fig. 1) .
The report by Tinkle et al. in this issue of PNAS (4) combines the conditional knockout approach with a novel transgenic shRNA technology to ablate E-cadherin and knockdown P-cadherin in the epidermal compartment (E-cad Ϫ/Ϫ /P-cad KD mice). Because of a tight chromosomal linkage of the two genes, a mutual role of both proteins in skin biology would have been otherwise difficult to assess. The authors found that loss of both cadherins resulted in prominent AJ defects (4) . These data revealed an additive role for E-and P-cadherins in epithelial homeostasis and suggested that, in epidermis, the quantity was more important than the quality, as the overall classical cadherin expression levels rather than a particular subtype was critical for the maintenance of epidermal integrity. The most exciting finding of this study was a complete absence of changes in MAPK and NFB activities and the lack of inflammation and hyperplasia in E-cad Ϫ/Ϫ /P-cad KD skins. Because these phenotypes were prominently featured in both ␣E-catenin Ϫ/Ϫ and p120-catenin Ϫ/Ϫ epidermises (9-11), absence of these changes in E-cad Ϫ/Ϫ /P-cad KD keratinocytes strongly indicates that ␣-and p120-catenins influence cell signaling and proliferation independently from cadherin-mediated adhesion. In contrast, both E-cad Ϫ/Ϫ /P-cad KD and ␣E-catenin Ϫ/Ϫ epidermises displayed increased numbers of apoptotic cells. Thus, AJ-mediated suppression of apoptosis in skin epidermis appears to rely on cadherin-mediated adhesion, and this is similar to the previously discovered role of VE-cadherin in endothelial cells (15) . An important question that remains unanswered is whether loss of both cadherins affects the ␤-catenin-Wnt signaling pathway. Many earlier experiments with cells in culture indicated that cadherins are potent negative regulators of the ␤-catenin-Wnt signaling pathway (16, 17) .
E-cad Ϫ/Ϫ /P-cad
KD animals now open a possibility to address this question in vivo. Overall, the analyses of E-cad Ϫ/Ϫ /P-cad which is crucial for maintaining tissue integrity, whereas p120 and ␣-catenins seem to play a dual role not only as cadherin stabilizers but also as regulators of cellular signaling. It is tempting to speculate that these two functions of p120-and ␣-catenins are in fact connected and they can link cadherin-mediated adhesion structures with signaling pathways. While such connection has been postulated as a central part of a ''cadherins as biosensors'' hypothesis (1), it has not been extensively analyzed, and this area is likely to be a fertile ground for future discoveries.
A second paper published in this issue of PNAS (3) extends prior analysis of p120-catenin Ϫ/Ϫ epidermis and reports the exciting discovery of a causal connection between depletion of p120-catenin and abnormal mitotic cell divisions. In a previously published paper from the same laboratory, the authors discovered an important connection between p120-catenin and the RhoA-NFB signaling pathway, which plays a causal role in p120-cateninmediated skin hyperplasia (11) . PerezMoreno et al. (3) continued the analyses of p120-catenin Ϫ/Ϫ keratinocytes and made interesting parallels between p120-catenin Ϫ/Ϫ skin grafts and human SCC. Not only did the p120-cateinin Ϫ/Ϫ grafts phenotypically resemble human SCCs, but many human SCCs displayed loss of p120-catenin and concomitant activation of the NFB signaling pathway. The most surprising discovery came from the studies on cultured p120-catenin Ϫ/Ϫ keratinocytes. Despite the fact that these keratinocytes displayed hyperproliferation when grafted onto nude mice, in culture they grew significantly slower than wild-type cells. The authors traced these in vitro proliferation defects to an abnormally long M-phase, which often resulted in cleavage furrow regression and formation of binucleated cells. It has been demonstrated that inactivation of RhoA and activation of Rac1 are critical signaling functions of p120-catenin (18) . This signaling function was also critical for p120-catenin-mediated regulation of mitosis, because hyperactivation of RhoA was not only necessary but also sufficient for the mitotic phenotypes (3). Because inhibition of NFB signaling was able to rescue hyperplasia in grafted p120-catenin Ϫ/Ϫ skins without apparent impact on cell proliferation in vitro, the role of p120-catenin in attenuation of cell proliferation in vivo is likely to be indirect and rooted in the impact of hyperactive NFB on skin microenvironment. The nature of this impact is presently unknown, and the role of epithelial-stromal interaction in stimulation of proliferation of p120-catenin Ϫ/Ϫ cells will be an exciting area of future research. Because chronic inflammatory responses in epidermis are not sufficient for cancer promotion, but rather result in psoriases and eczema-like phenotypes, the authors propose that both activation of NFB and mitotic defects are responsible for hyperplasia in p120-catenin Ϫ/Ϫ epidermis. Indeed, because genetic instability is one of the well established causes of neoplastic transformation and cancer (19) , linkage between p120-catenin deficiency and mitotic abnormalities represents a significant step forward in understanding the role of p120-catenin in cancer.
The Tinkle et al. (4) and Perez-Moreno et al. (3) articles provide significant new insights into epidermal biology and show that the roles of cadherins and catenins in maintaining epidermal integrity and homeostasis may differ quite dramatically. Dissecting cadherin-catenin interactions, as well as assessing their physiological relevance in balancing adhesion and proliferation, will not only yield important insights into the mechanisms of normal tissue homeostasis but also help us to understand the molecular events responsible for epithelial cancer. 
